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kilometers, interaction with islands, ridges and seamounts is expected to influence propagation. Previous modeling approaches have 
been either a fully 3D ray approach, a hybrid adiabatic mode-ray approach and a hybrid adiabatic mode-PE approach. In this paper, we 
present the a global scale three-dimensional split-step Pade Parabolic Equation. Model results are compared with several direct observa-
tions of arrivals that are clearly in the 2D propagation shadow. The impact of 3D propagation on the coverage maps of the CTBTO are 
significant, relative to current 2D predictions. 
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IpUW4. New formulae for horizontal coherence from path integral 
theory. John Colosi (Naval Postgrad. School, 833 Dyer Rd., Monterey, CA 
93943, jacolosi@nps.edu) 
Previously published path integral results for the horizontal coherence 
length utilized an empirical relation for the phase structure function density 
that scaled as lag to the three-halves power. Here, a Taylor series expansion 
is carried out such that the phase structure function density scales instead as 
the second power of lag. consistent with other path integral coherence scales 
such as depth and time. The resulting integral equations are solved analyti-
cally. The new result shows the expected one over square-root range and 
one over frequency scalings, and it demonstrates more clearly how trans-
verse coherence is sensitive to the space-time scales of ocean sound-speed 
perturbations. 
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IpUWS. An alternative method for the estimation of underwater acous-
tic signal coherence. Matthew Dzieciuch and Peter Worcester (SIOjUCSD, 
9500 Gilman Dr., IGPP-0225, La Jolla, CA 92093-0225. mad@ucsd.edu) 
The estimator-correlator is the optimal method for measuring the travel-
time of a scattered underwater tomographic acoustic signal. The method 
increases the signal-to-noise ratio at some cost in resolution when the signal 
and noise covariances are known. The noise covariance is easily measured 
when the signal is not present. The signal covariance may not be known but 
can be estimated as well. The procedure is to parameterize the signal covari-
ance and find the maximum output signal-to-noise ratio of the estimator-cor-
relator while varying the signal covariance parameters. Following Flatte et 
aI., the path integral model of signal covariance is R "" exp ( -(tJ.trr e)2 + (M/ 
Be)2 + (tJ.ZlDc)2J. Thus, a simple search over coherence time, Te, coherence 
bandwidth, Be. and coherence depth, Dc. produces estimates of those param-
eters. Application of this technique with data from three recent tomographic 
experiments will demonstrate its efficacy. Time coherence was measured 
during the 2009 Philippine Sea Experiment at 250 Hz and 190 km range. 
Vertical coherence was measured during the 2010 Philippine Sea experi-
ment at 250 Hz and at ranges from 120 to 450 kID. Horizontal coherence 
was measured in the North Pacific at 75 Hz and 3500 kID range. 
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IpUW6. The mode view of long-range propagation through oceanic in-
ternal waves. Frank S. Henyey (Appl. Phys. Lab., Univ. of Washington, 
1013 NE 40th St., Seattle, WA 98105, frank@apl.uw.edu) 
For long-range acoustic propagation in the ocean, calculation of internal 
wave effects by ray tracing is far from accurate. Full wave methods must be 
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used. An unperturbed normal mode simulation has been developed for this 
case. Simulations have been carried out with a single-mode starting field, 
with a sound speed profile measured in the 2010 Philippine Sea experiment. 
and internal waves consistent with measurements at the same region and 
same time. Modes were chosen that turn around half way between the sound 
axis and the surface. The frequency is 100 Hz, appropriate for long-range 
propagation experiments. Ensemble averaged mode intensities are consist-
ent with transport theory results. but the individual mode intensities as a 
function of range are very inconsistent with a random walk ("diffusion") in 
mode number space. 
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Carlo parabolic equation mismatch in the Philippine Sea. Andrew W. 
White (Earth and Space Sci.. Univ. of Washington, 433 31st Ave. E. Seattle, 
WA 98112. andrew8@apl.washington.edu), Rex K. Andrew, James A. Mer-
cer (Appl. Phys. Lab., Univ. of Washington, Seattle, WA), Peter F. Worces-
ter, Matthew A. Dzieciuch (Scripps Inst. of Oceanogr.. Univ. of California 
at San Diego, La Jolla. CA), John A. Colosi (Oceanography, Naval Post-
grad. School. Monterey, CA), Lora J. Van Uffelen, and Bruce M. Howe 
(School of Ocean and Earth Sci. and Techno!., Univ. of Hawaii at Manoa. 
HonQiulu, HI) 
The oceanography of the Philippine Sea is partially characterized by 
ener getic mesoscale and strong locally generated internal tides. Despite the 
simplification of range-independence and the exclusion of internal tides 
from Monte Carlo parabolic equation (MCPE) simulations, predictions of 
scintillation index. variance of log-intensity, and the distribution of intensity 
for acoustic paths with upper-turning-points (UTP) below the extreme upper 
ocean generally agree with measurements made during an experiment in 
2009. These measures of the fluctuations did not appear to be strongly influ-
enced by the number of UTPs in the path, though a compensating effect due 
to differences in UTP pOSition cannot be ruled out. Enhanced variability in 
the form of deep fades is observed for paths turning in the extreme upper 
ocean; this enhanced variability is not predicted by the MCPE model 
employed. SeagJider-based observations of mixed-layer depth (from 2010 
to 2011) and moored measurements of internal-tide-related sound-speed 
perturbations are presented. A plane-wave internal· tide model and results 
from acoustic mode propagation through range-independent profiles meas-
ured in situ are compared with the observed character of the intensity 
fades. 
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